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Patent Claims 



1 . Carbon black that has been after-treated by oxidation, 
characterized in that 

its content of volatile components is more than 10% by weight, preferably more than 
15% by weight, relative to its total weight, and in that the ratio of its CTAB surface 
area to the iodine number is greater than 2 mVmg. 



2. Carbon black according to Claim 1, 
characterized in that 

the ratio of its CTAB surface area to the iodine number is higher than 4 mVmg. 

i 



3. Carbon black that has been after-treated by oxidation, 

which can be obtained by oxidizing a gas black with ozone. 



4. Use of the carbon blacks according to one of the preceding claims in paints, printing 
inks and in other inks for mechanical and manual typewriters and drawing instru- 
ments. 
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Application example: 



[0035] A special advantage of the types of carbon black according to the invention is the 
fact that they can be easily dispersed in water and the high stability of such a dispersion. 
In order to examine this behavior, so-called settling tests were conducted with the carbon 
black according to the invention and with commercially available comparative types of 
carbon black. For this purpose, 1 gram of carbon black was dispersed in 99 mL of water, 
without a wetting agent and with ultrasound for a period of 5 minutes and subsequently 
the settling of the dispersed carbon black was observed. The glass beakers used for this 
purpose had a volume of 150 mL and a diameter of 5 cm. Already after 15 minutes, the 
carbon black not treated with ozone displayed a settling of the carbon black. A clear layer 
free of carbon black formed at the upper edge of the liquid surface. Specifically, the set- 
tling behavior shown below in Table 4 occurred. 



Table 4 



* t ;;V'; „■ ': : '. SfiftUng:be'ii^ 



■*Cafborii black " 



SS550 
.FW.200-, 
Printex 90 
Printex U 
FW1 
FW1 



F'> 
-G 2) 
F 
G 
G 
G 



, ,;pxidabbn^\vith^ r 



N0 2 
N0 2 



[) F = furnace carbon black 
2) G = gas black 



v £ . ^Vojati le 'toiitentvi'^ 
'[[[ );[wgr^%]^ ; v| 



2.5 
24.0 
1 
5 

4.3 
15 



1 

0.5 
1 

0.25 

0.5 

0 



[0036] In the case of gas black FW1 oxidized with ozone according to the invention, no 
settling of the carbon black can be seen, even after a week. 
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obtained no longer constitute a measure of the surface area. However, they are suitable to 
provide information - in addition to the content of volatile components - about the type 
of the surface modification brought about by the oxidation treatment. 
[0033] In the case of the highly oxidized types of carbon black, the M y value rises to 328. 
As the degree of oxidation rises, the composition of the surface oxides also changes. The 
carboxyl groups and quinones increase markedly, while the phenolic groups and basic 
oxides diminish. The content of lactols remains virtually unaltered. 

i 

Table 3 



i., :■ , • ' * Analvtical.characteristicdafaof types of carbon black, oxid ized with :bzonet 




^Property*;' :: : ;,;/■; 




^-Duration of treatment of FW 1 witH ; 6zone [li] . .. " ! 


FW/2ob- : 












■ V-' 


8—i 


; . ( ;.i'6:-i:; 




Carbon black characteristic numbers 


CTAB 


m7g 


236 


246 


269 


311 


306 


361 


485 


Iodine number 


mg/g 


239 


198 


126 


66 


67 


30 


255 


CTAB/iodine 


m7g 


0.99 


1.24 


2.14 


4.71 


4.57 


12.03 


1.90 


BET 


m7g 


264 














M y value 






279 


281 


292 


295 


328 




DIN color intensity 




104 


106 


102 


92 


92 


82 


91 


Oil consumption 


g/lOOg 


995 


855 


560 


390 ■ 


540 


295 


620 


Volatile content 


wgt.-% 


4.3 


7.2 


10.6 


16.0 


16.4 


227 


24.0 


pH value 




4,4 


3.8 


3.3 


3.1 


3,0 


2.9 


2.8 


Surface oxides 


Carboxyl groups 


mmol/kg 


59 


97 


228 


525 


550 


922 


981 


Lactols 


mmol/kg 


50 


78 


50 


50 


38 


55 


78 


Phenols 


mmol/kg 


94 


94 


60 


63 


68 


23 


261 


Quinones 


mmol/kg 


100 


175 


506 


1012 


1132 


1445 


1208 


Basic oxides 


mmol/kg 


59 


38 


0 


0 


0 


0 


0 



[0034] The gas black FW 200 not oxidized with ozone exhibits a completely different 
ratio of the CTAB surface area to the iodine number, which can be ascribed to the differ- 
ent composition of the surface oxides. 
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[0028] The ozone concentration that needs to be reached depends on the generator volt- 
age, on the quantity of carrier gas and on its oxygen content. At a generator voltage of 16 
kV, a maximum of 12 grams of ozone per hour can be reached when air is used and a 
maximum of 25 grams of ozone per hour when oxygen is used. 

Example 1: 

[0029] The gas black FW 1 was oxidized for varying periods of time in the apparatus 
shown in Figure 1 and subsequently analyzed in terms of the technical properties of the 
carbon black. 

[0030] For every oxidation experiment, the ozone generator was operated at a constant air 
volume of 310 NL/h. In each case, the fluidized bed was loaded with 200 grams of car- 
bon black. For all of the experiments, the reaction temperature lay within the range from 
20°C to 30°C [68°F and 86°F]. Table 3 shows the results obtained for FW 1 with differ- 
ent treatment times in comparison to untreated FW 1 and to the commercially available 
oxidized gas black FW 2000. 

[0031] According to Table 3, the following relationships were found with respect to the 
duration of the ozone oxidation: 

• increase in the volatile content; 

• drop in the pH value; 

• increase in the CTAB surface area; 

• decrease in the iodine number; 

• decrease in the DIN color intensity; 

• decrease in the oil consumption; 

_• _maiked.change.of-tlie- surface oxide composition: 

[0032] The changes found in the CTAB surface area and iodine number do not mean that 
the ozone oxidation changes the particle size and thus the surface area, particularly since 
these are opposite effects. Rather, by modifying the carbon black surface area, the 
adsorption of iodine and CTAB is influenced to such a great extent that the numbers 
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[0023] A remarkable aspect of this list is the commercially available gas black FW 200. It 
is a gas black that has not been oxidized with ozone. In spite of its high content of vola- 
tile components, it does not exhibit the required ratio of CTAB to iodine. 
[0024] The invention will be elaborated upon with reference to the following examples. 
The figures show the following: 

Figure 1: Apparatus used for the oxidation of carbon black with ozone 

[0025] Figure 1 shows a suitable fluidized-bed apparatus for the batchwise oxidation of 
carbon black with ozone. It consists of a vertical cylindrical treatment tank (1) that, at its 
lower end, has a fluidizing part consisting of a jacket (2) in the shape of a truncated cone 
that runs downwards from the cylindrical cross section, of a^onical displacement ele- 
ment (3) that tapers upwards and that is inserted into the truncated cone and of at least 
one feed tube (4) for the treatment gas thafopens essentially tangentially into the deepest 
place of the fluidizing part. Above the treatment tank (1), there is a relaxation part (5) 
with an outlet tube (6) for the flue gas. The carbon black feed nozzles (8) are used to feed 
carbon black into the treatment tank. The numeral (9) refers to a sensor that serves to 
regulate the height of the fluidized bed. For purposes of generating ozone, the treatment 
gas (air or oxygen) passes through the ozone generator (7) prior to entering the treatment 
tank. The treatment tank has an inner diameter of 8 cm and a height of 1 .5 m. 
[0026] The apparatus shown in Figure 1 is used to oxidize carbon black batchwise. By 
configuring the fluidized bed accordingly, however, it is possible to achieve continuous 
operation of the process. 

[0027] An ozone generator with the following performance specifications was employed 

for the oxidation experiments. 

operating pressure: maximum of 0,6 bar 

quantity of carrier gas: maximum of 600 L/h 

cooling water: 40 L/h (15°C [59°F] 

operating temperature: maximum of 35°C [95°F] 

generator voltage: !6kV 
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bon black dispersion makes the carbon black types according to the invention particularly 
well-suited for use in paints, printing inks and as inks for mechanical and manual type- 
writers and drawing instruments, for example, as inks for ink-jet printers, felt-tip pens 
and ball-point pens. 

[0022] The carbon black types according to the invention can be obtained by means of 
the ozone oxidation of gas blacks. Furnace black types are not suitable as the initial car- 
bon black since their content of volatile components cannot be raised above 7% to 8% by 
weight, even by means of ozone oxidation. Corresponding measurements with commer- 
cially available types of pigment carbon black made by various manufacturers can easily 
show that the claimed property combination was not known up until now. Such meas- 
urements can be found in Table 2. 



Table 2 





Gerties: of commercially 


avail able types ;of 


p i gmerit carbon b lac 




K ^arbpn^Biack^^-': 


r.yplatilelc^ 


, ^TAB ■ surfaced \ 
Sfy areai[ : m?/g}; 0 


: &dijie^^sprpiiphS^ 


:"cmB/iodine|y 


Cabot 










Monarch 1300 


11.7 


363 


479 


0.76 


Monarch 1 000 


12.4 


255 


314 


0.81 


Mogul L 


4.8 


132 


110 


1.20 


Columbian 










Raven 5000 UII 


15.2 


346 


302 


1.15 


Raven 1255 


6.2 


119 


73 


1.63 


Degussa 










FW 200 


24.0 


485 


255 


1.90 


FW 1 

PrintexiJ 


4.3 
5 


236 
~"99 


239 

63 


0.9? 

1.57 


Printex 90 


1 


250 


350 


0.71 


SS 550 


2.5 


120 


101 


1.19 



i 
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[0017] The iodine adsorption, also called the iodine number, is a third method for char- 
acterizing the surface area of carbon black types. The iodine number is determined 
according to ASTM D-1510. it is strongly influenced by surface groups and adsorbed 
PAHs. Consequently, the adsorption value measured in mg/g is not converted into m7g. 
Normally, the iodine adsorption in only indicated for carbon black types with volatile 
components below 1.5% by weight and with a toluene extract under 0.25% by weight. In 
view of its sensitivity to the volatile surface groups, however, the iodine adsorption can 
be utilized as yet another characterization possibility for oxidized types of carbon black 
with a high fraction of volatile components. 

[0018] The objective of the present invention is to provide carbon blacks that can be used 
for paints and printing inks, and that stand out for an improved dispersion behavior in 
water-based binder systems and for an improved long-term stability on the part of the 
paints and printing inks made with these types of carbon black. 

[0019] This objective is achieved by means of a carbon black that has been after-treated 
. by oxidation, which is characterized in that its content of volatile components is more 
than 10% by weight, preferably more than 15% by weight, relative to its total weight, and 
in that the ratio of its CTAB surface area to the iodine number is greater than 2 m 2 /g. 
Preferably, the ratio of the CTAB surface area to the iodine number is higher than 4 m7g. 
In addition, these types of carbon black do not exhibit any measurable concentration of 
basic surface oxides. 

[0020] In this context, the CTAB surface area and the iodine number are measured in 
accordance with the above-mentioned ASTM standards. The important aspect here is 
that, prior to the measurement, the carbon black types do not undergo any thermal treat- 
ment for the desorption of the volatile components. 

[0021] It has been found that the required property combination consisting of volatile 
components and a certain minimum ratio of the CTAB surface area to the iodine number 
causes carbon black to disperse in water very easily and causes this dispersion to remain 
stable over the course of several days without the need for the addition of a wetting agent 
or dispersion additive. This high level of storage stability on the part of the aqueous car- 
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[0013J For the reasons cited, pigment carbon black is generally after-treated by oxidation 
in order to raise its content of volatile components. Oxidants that can be used are nitric 
acid, nitrogen dioxide and, to a lesser extent, ozone. The contents of volatile components 
and the pH values listed in Table 1 can be raised by means of oxidative after-treatment. 
In this context, the oxidation behavior is highly dependent on the production process of 
the carbon black. In the case of furnace black types, the content of volatile components 
can only be raised to about 6% by weight. For instance, U.S. 3,565,657 reports on the 
oxidation of furnace black types with nitric acid. The highest content of volatile compo- 
nents cited in this patent is 7.6% by weight. 

[0014] Several patents describe the attempt to replicate the advantageous properties of 
gas black types - properties that stem from their high volatile fraction - by means of the 
ozone-treatment of furnace black types. These include the following patents: U.S. 
3,245,820, U.S. 3,364,048 and U.S. 3,495,999. According to U.S. 3,245,820, the ozone 
treatment made it possible to increase the volatile fraction of the furnace blacks to 4.5% 
by weight. 

[0015] Another important property of the carbon blacks is their specific surface area, 
which is determined by means of various adsorption methods. When the nitrogen surface 
area is determined (BET surface area according to DIN 66132), the carbon black surface 
is first loaded with nitrogen molecules, whereby the known space requirement of the 
nitrogen molecule makes it possible to make a conversion to m 2 /g. Since the small nitro- 
gen molecule can also penetrate into the pores and gaps found in the carbon black, this 
method also involves the inner surface area of the carbon black types. 
[0016] A greater space requirement than for nitrogen is needed for cetyl trimethyl ammo- 
nium bromide^ (CTAB^ Tlierefore,_the_CTAB -surface -area-(measurement according" to" 
ASTM D-3765) comes closest to the determination of the geometrical surface area with- 
out pores. For this reason, the CTAB surface area correlates very closely with the particle 
size and thus allows conclusions to be drawn about the applications-technology behavior 
of the carbon blacks. 
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Table 1 



Prnnprtv 




flic hlo/"*!/" 
VJup Uldl'K- 


r lalFlC UlaCK 


color depth M Y 


210-270 


230-300 


200 - 220 


color intensity IRB3=100 


60- 130 


90- 130 


25-35 


oil consumption [g/lOOg] 


200 - 500 * 


400- 1100 


250 - 400 


DBP adsorption [mL/lOOg] 


40 - 200 




;100- 120 


particle size [nm] 


10 - 80 


10-30 


110- 120 


volatile components [wgt-%] 


0.5- 1.5 


4-6 


1-2.5 


pH value 


8- 10 


4-6 


6-9 



[0009] Important properties of a paint or of a printing ink in terms of applications tech- 
nology are the stability of the carbon black dispersion in the binder system (storage sta- 
bility) and the rheologic behavior of the paint or of the printing ink (viscosity and thixo- 
tropy). These properties are greatly influenced by the chemical nature of the surface of 
the carbon black. 

[0010] The surface chemistry of the carbon black is Very dependent on the production 
process selected. In the case of the furnace black method, the carbon black is formed in a 
strongly reducing atmosphere whereas, in the gas black method, the atmospheric oxygen 
has free access to the zone where the carbon black is being formed. Consequently, 
already immediately after their production, the gas black types have a considerably 
higher content of surface oxides than the furnace black types do. 

[0011] The surface oxides are essentially carboxyl groups, lactols, phenols and quinones 
which lead to an acidic reaction of aqueous carbon black dispersions. To a lesser extent, 
the carbon blacks also have basic oxides on the surface. The surface oxides make up the 
so-called volatile components of the carbon black, since they can be desorbed from the 
carbon black surface by annealing the carbon black at 950°C [1742°F] (DIN 53552). 
[0012] The content of volatile components exerts a decisive influence on the dispersabil- 
ity of the carbon blacks, particularly in aqueous systems. The higher the content of vola- 
tile components in the carbon blacks, the less the hydrophobic character of the carbon 
blacks and thus the more easily they can be dispersed in water-based binder systems. 
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[0005] The apparatus for making flame black consists of a cast-iron tray that holds the 
liquid or optionaliy melted raw material and of an exhaust hood lined with refractory 
material. The air gap between the tray and the exhaust hood as well as the negative pres- 
sure in the system serve to regulate the air feed and thus the properties of the carbon 
black. The heat radiation brought about by the exhaust hood causes the raw material to be 
vaporized and partially burn, although most of it is converted into carbon black. In order 
to separate the carbon . black, the process gases containing carbon black are passed 
through a filter after they have cooled off. 

[0006] With the gas black method, the carbon black raw material is first vaporized into a 
carrier-gas flow' containing hydrogen and then burned in numerous small flames under- 
neath a cooled roller. Some of the resultant carbon black precipitates on the roller while 
the rest is discharged together with the process gases and is separated out in a filter. 
[0007] The properties that are important for evaluating pigment carbon blacks are the 
color depth M Y (according to German standard DIN 55979), the color intensity (prepara- 
tion of a carbon black paste according to DIN EN ISO 787/16 and evaluation according 
to DIN EN ISO 787/24), the oil consumption (according to DIN EN ISO 787/5), the 
volatile components (according to DIN 53552), the structure, measured as DBP absorp- 
tion (according to DIN 53601 or ASTM D2414), the mean size of the primary particles 
(by means of the evaluation of electron-microscopic images) and the pH value (according 
to DIN EN ISO 787/9 or ASTM D1512). 

[0008] Table 1 shows the property ranges that can be attained for various types of pig- 
ment carbon black by means of the above-mentioned production processes. The data in 
Table 1 was compiled from technical publications by various carbon black manufacturers 
pertaining to the characteristic jiumbers_of carbon_blacks that~had-not been-after-treated^ 
by oxidation. 
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Description 

[0001] The invention relates to carbon black that has been after-treated by oxidation in 
order to be used as a pigment in paints, printing inks and other inks, for example, in ink- 
jet printers. 

[0002] Due to its outstanding properties, it is primarily carbon black that is used as the 
black pigment in paints and printing inks. A wide selection of types of carbon black with 
varying properties is available. Various methods are employed in order to produce pig- 
ment carbon black. The most frequent is production by means of the oxidative pyrolysis 
of carbon black raw materials containing carbon. In this process, the carbon black raw 
materials are incompletely burned at high temperatures in the presence of oxygen. This ' 
class of production processes for carbon black includes, for instance, the furnace black, 
method, the gas black method and the flame black method. Primarily polynuclear aro- 
matic carbon black oils are employed as the carbon black raw materials containing car- 
bon. 

[0003] In the furnace black method, the incomplete combustion takes place in a reactor 
lined with highly refractory material. For this purpose, a fuel-air mixture is burned in 'a 
pre-combustion chamber in order to generate a flow of hot flue gases into which the car- 
bon black" raw material is sprayed or injected; The carbon black thus formed is quenched 
when water is injected into the reactor and it is then separated from the gas flow. The fur- 
nace black method allows the production of carbon black types having a very broad 
spectrum of the technical properties needed for carbon black applications. 
[0004] The flame black method and the gas black method are important alternatives to 
the furnace black method. They yield carbon blacks whose properties can at times over- 
lap with the technical properties of carbon black that can be achieved by means of the 
furnace black method, in addition to which they also give access to types of carbon black 
that cannot be made by means of the furnace black method. 
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[54] Carbon black after-treated by oxidation. 



[57] The invention relates to carbon black that has been after-treated by oxidation. It is 
characterized~in 'thants^6Trtenfo'f volatile components amounts to more than 10% by 
weight relative to its total weight and in that the ratio of its CTAB surface area to the 
iodine number is greater than 2 rnVmg. The carbon black according to the invention 
is preferably employed as a pigment carbon black in the manufacture of water-based 
paints, printing inks and other inks for mechanical and manual typewriters and 
drawing instruments. The combination of properties imparts the carbon black widi 
excellent dispersability in water-based binder systems. The paints, printing inks and 
other inks made with it exhibit excellent storage stability. 



